MATERIALS AND METHODS
"C'xercise training for patients with chronic obstruc-•*-J tive pulmonary disease (COPD) 1 -2 has traditionally emphasized lower-extremity exercise (eg, walking, cycling); however, many patients with COPD report disabling dyspnea for daily activities involving the upper extremities (eg, lifting, grooming) at work levels much lower than for lower-extremity exercise. 3, 4 Benefits of exercise training are largely specific for the For editorial comment see page 673 muscles and tasks involved in training. 3 " 10 There is little experience with upper-extremity exercise training for patients with COPD. Therefore, we performed this pilot study to design and evaluate two practical and widely applicable upper-extremity exercise programs in improving the functional capacity of patients with COPD.
MATERIALS AND METHODS

Subjects
Forty-five subjects were recruited from participants in the University of California at San Diego (UCSD) Pulmonary Rehabilitation Program. This is a comprehensive multidisciplinary program for patients with stable COPD and includes education, instruction in techniques of physical and respiratory therapy, exercise training, and psychosocial support. Subjects were assigned randomly to one of three groups: two groups using upper-extremity exercise; and a control group with no upper-extremity training. All patients partici- pated in the regular activities of the program, including walking exercise. Participants in the study from each pulmonary rehabilitation group were assigned to the same experimental group. The study's protocol was approved by the UCSD Human Subjects Committee, and informed consent was obtained from all patients.
Pulmonary Function
Pulmonary function tests performed before and after training included spirometry, maximum voluntary ventilation, lung volumes and airway resistance (Raw) by body plethysmography, and singlebreath diffusing capacity (Dsb). Spirometry, lung volume, and Raw tests were repeated after two puffs of inhaled metaproterenol. Testing and qualty-control procedures followed standard and recommended methods. 11, 12 Normal values used were those of Morris and co-workers 13 for spirometric data, those of Goldman and Becklake 1 * for lung volumes, and those of Miller and co-workers 15 for Dsb.
Exercise Tests
Exercise performance was assessed with several tests before and after eight weeks of training. After each test, symptoms of perceived breathlessness and general fatigue were rated with a ten-point scale adapted from Borg. 16 Patients were retested only after at least six weeks of uninterrupted training and in all cases within ten weeks of initial assessment.
Treadmill. Patients performed a steady-state treadmill test to establish a level for subsequent walking training. The level for this test was selected, as previously described, 17 from an incremental maximal test on a cycle ergometer to approximate the maximal speed a patient could sustain for five minutes. This estimate was based on the assumption that patients with COPD who are ventilatory limited can sustain exercise at a level approximating maximal exercise tolerance. Expired gases were analyzed on-line by computer to calculate minute ventilation (VE; body temperature and pressure, saturated [BTPS]), oxygen uptake (Vo2; standard temperature and pressure, dry [STPD]), and carbon dioxide elimination (Vcos> STPD). 1819 Arm Cycle. Maximal exercise tolerance was determined on an isotonic arm cycle ergometer using an incremental symptom-limited protocol. Expired gases were analyzed in all patients whose arterial oxygen pressure (Pa02) was greater than 50 mm Hg during previous lower-extremity exercise. Hypoxemic patients were tested with supplemental oxygen without measuring expired gases. Arterial oxygen saturation (Sa02) was monitored with an ear oximeter (Ohmeda, Inc) in all patients.
After a 20-minute rest, patients performed an endurance test on the arm cycle at a work level one step below the maximum reached on the incremental test. They were instructed to maintain this work level until they reached a symptom-limit. If patients could sustain this exercise level for 12 minutes, the test was repeated at a higher work load after another rest period.
Patients were also tested on an isokinetic arm cycle (UBE Ergometer; Cybex) 20 for both incremental, maximal exercise, and sustained endurance in a similar fashion to the isotonic arm cycle testing but without measuring expired gases.
Unsupported Arm Exercise. Upper-extremity performance was assessed with two tests designed to approximate the exercise used during training and with activities of daily living (ADL).
In the upper-extremity performance test, patients completed the maximal number of arm lifts in one minute holding a free weight in the hand. Each arm was tested with two exercises, shoulder flexion and shoulder abduction. The weight for each patient was estimated before the test to produce arm fatigue within one minute (3 to 5 lb for men; 2 to 4 lb for women). For analysis of data, the number of lifts for all four tests were summed; perceived symptom ratings were averaged.
The simulated ADL test included three tasks devised to assess performance on tasks typical of the daily activities difficult for many patients with COPD. Patients were allowed to rest during or between tasks, if needed. The time needed to complete all tasks, including rests, was recorded. The three tasks were the following: (1) dishwashing (patients washed, rinsed, dried, and put on a shelf two place settings of dishes, plus a pot); (2) blackboard task (patients covered a dustless blackboard with continuous writing and then erased it; this activity simulates cleaning a window, wall, or mirror); and (3) grocery shelving (patients carried, unpacked, and shelved two bags of groceries weighing 8 lb each).
Ventilary Muscle Endurance.
In this test, patients breathed tidally with nose clips in place through an inspiratory resistive device (PFLEX Inspiratory Muscle Trainer, HealthScan, Inc) to determine the smallest orifice the patients could sustain for ten minutes. Patients rested ten minutes between successive trials. The number of the smallest orifice sustained for ten minutes and the time completed on the next smallest orifice were recorded.
Exercise Training
All patients participated in regular pulmonary rehabilitation activities, including walking training. Patients in the two upperextremity training groups were allowed to use the isokinetic arm cycle for training during supervised sessions (approximately weekly). In these sessions, patients were allowed to train for up to 15 minutes at the level used for endurance testing. When they were able to sustain this for 15 minutes, the work level was increased, if possible. In addition, patients in the experimental groups performed specific upper-extremity training with one of the two training programs which were devised to be simple, practical, and widely applicable for patients with COPD. Patients maintained daily diaries, which were reviewed regularly.
Gravity Resistance (GR).
This upper-extremity training program included a series of five low-resistance high-repetition exercises aimed at increasing endurance of the arm and shoulder muscles. Each exercise was coordinated with breathing in progressively increasing levels of: (1) number of arm motions per exhalation (one to six); (2) the number of sets (one to two) of ten repetitions of each exercise; and (3) added hand weights (1 to 5 lb). Patients trained once daily for one week and then twice daily. Training began at the first level at which patients could not complete one set of all five exercises. Advancement to the next level was made during weekly supervised training sessions.
Proprioceptive Neuromuscular Facilitation (PNF).
This training program involved lower frequency, progressive resistance training with weights to improve muscle strength and endurance. It was modified from PNF principles, which use diagonal combinations of muscle movements designed to strengthen weaker muscles by exercising functionally related muslces. 21, 22 The PNF program included four exercises with the same weight and coordinated with breathing during exhalation. Each exercise was performed in three sets of four to ten repetitions of each exercise per set. The beginning weight was determined to be the maximal weight with which the patient could complete six repetitions of the first exercise (1 to 5 lb). Patients trained every other day for one week and then once daily. Advancement to the next level (increasing weight) was made during supervised training sessions when the patient could complete three sets of at least six repetitions of each exercise.
Statistical Methods
Baseline data for all patients enrolled in the study were compared by one-way analysis of variance for the three study groups. Results before and after training were analyzed by two-way analysis of variance of group assignment vs time.
RESULTS
Patients and Baseline Results
For the 45 patients initially enrolled in the study, there were no significant differences between groups for any of the baseline measurements. 
Compliance with Training
Based on the patients' diaries, compliance with the prescribed training regimen for the 17 upper-extremity trainers (eight GR; nine PNF) was greater than 90 percent. All trained patients increased their level of upper-extremity exercise. Most patients were enthusiastic about this training and reported significant sub-jective improvement in upper-extremity performance for routine ADLs.
Improvements Attributable to Upper-Extremity Training
Compared to control subjects, upper-extremity trainers increased the number of lifts on the upperextremity performance test and the endurance time on the isokinetic arm cycle (Table 1) . Maximal work on the isokinetic arm cycle increased more in upper-extremity trainers than in control subjects, but the interactive effect was not significant. Both of these tests measured performance on tasks similar to the upperextremity training performed by these patients.
Improvements Attributable to Pulmonary
Rehabilitation Several significant changes were found in all groups. These were attributed to the effects of general pulmonary rehabilitation and not specifically to the specific upper-extremity training.
Treadmill, There was a significant increase in treadmill speed and decrease in Vo2, VE, and heart rate in all groups ( Table 1) . These findings are consistent with improved mechanical efficiency of walking.
Perceived Symptoms. Perceived symptom ratings decreased in all groups for several exercise tests, even when performance levels increased (Table 1) . Statistically significant changes were found for perceived breathlessness ratings in the steady-state treadmill, maximal arm cycle, and upper-extremity performance tests and for perceived exertion ratings in the steadystate treadmill and isokinetic arm cycle endurance tests.
Pulmonary
Function. There were significant changes in some parameters of pulmonary function (Table 2) 
Nonsignificant Changes
There were no significant changes in the arm cycle ergometer, ventilatory muscle endurance, or simulated ADL tests (Table 1) .
DISCUSSION
The results of this study indicate that upper-ex- To be most effective, exercise training programs should be simple, practical, and widely applicable. We performed this pilot study to gain more experience with upper-extremity training in pulmonary patients. Two training programs were designed. The only equipment required was a chair and small hand weights. The training programs were taught easily to these patients, many of whom had severe, disabling pulmonary disease. The programs were received enthusiastically by most patients and were performed safely in an unsupervised home setting. Compliance with training was excellent. In only one of the 17 patients who did not complete the study was the reason considered possibly related to the training program. Both training programs resulted in improved performance during training. Our impression was that patients generally found the PNF program to be easier and less complicated than the GR program and preferred the higher resistance and fewer repetitions of this exercise.
An important feature of this study was the use of a randomly allocated control group. We thought it was essential to control for the many possible interfering effects resulting from concurrent participation in the multidisciplinary pulmonary rehabilitation program. Some of the changes can be attributed to overall effects of rehabilitation and not specfically to upper-extremity training, particularly the decrease in reported symptoms on several of the tests.
Interesting unexpected findings were the changes in pulmonary function, suggesting decreased hyperinflation (Table 2) . Pulmonary function has not generally been reported to change after pulmonary rehabilitation. These patients demonstrated significant bronchodilator responsiveness at baseline, which may account for some of this improvement during the rehabilitation program. These findings need to be reexamined in future studies. 
